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INTRODUCTION 
The results of experimental treatments in. tree fruit 
research are often expressed in some type of gross response; 
for example, yield, vegetative growth, and fruit size. 
Gathering data on these responses is time-consuming and of¬ 
ten no simple task, due to the characteristics of the exper¬ 
imental material. Often, experimenters do not have access 
to trees on university property and must conduct their re¬ 
search in privately-owned commercial orchards. 
The utilization of privately-owned trees for experi¬ 
mental purposes imposes additional problems upon the experi¬ 
menter. He must adapt his research to fit into the grower's 
operational procedures and even with full cooperation m.ay 
have difficulty in obtaining the desired data. Harvesting 
procedures, commercial spray schedules and other commercica.1 
operations complicate the overall picture. 
Yield records are often essential data in experiments. 
The harvest procedure of spot-picking practiced by many 
fruit growers complicates the collection of tnese data be¬ 
cause each tree is selectively picked two or three times. 
This necessitates the presence of the experimenter at each 
picking in order to obtain the total yield. Therefore, it 
would be advantageous to the experimenter to have a method 
of obtaining a precise estimate of yield prior to harvest. 
The objective of the study reported here was to formu- 
1 
2 
late and test several sampling techniques and to 
their reliability for the prediction of yield of 
determine 
apple 
trees. 
REVIEW OF LITERATURE 
Several studies have been conducted on the relationship 
between, trunk girth and weight of apple trees. Heini eke (3) 
in 1921 plotted the trunk circumference and the tree weight 
of young non-bearing trees to obtain, the relationship be¬ 
tween girth and size. A smooth curve was obtained with the 
relationship such that a doubling of the circumference in¬ 
creased the weight approximately 7*3 times. In. I928, Sudds 
and Anthony (12) found a closer correlation, between, the cube 
of the circumference and branch weight than between, circum¬ 
ference and branch weight of 6- and 7-ye3-^-old apple trees. 
In 19'^1, Anthony (1) reported a range of O.83 to O.98 among 
correlations between, circumference and top weight of trees 9 
to 12 years of age. Collison and Harlan (2) in. 1930, working 
with twenty-one l6-year-old McIntosh trees, obtained a corre¬ 
lation of 0.972 between the mean trunk circumference and the 
top weight and concluded that it was a reliable index of tree 
size. However, many variables affecting the correlation, be¬ 
tween trunk circumference and tree weight have been, cited: 
apple variety, tree age, nitrogen fertilization, soil type, 
pruning, and tree crowding (11,14,15)• 
At times, trunk girths are immeasurable due to scaffold 
branching or tree deformity. Pearce (10) in 195^ and Holland 
(5) 1^ 1959 reported that branch girths are a satisfactory 
substitute for trunk girth on. the basis of high correlations 
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between these two factors. The branch girths are measured 
as close to the crotch as possible, with the sum of the 
girths divided by the square of their number. 
In 1923 Sudds and Anthony (12) reported the correla¬ 
tion of the branch circumferences-cubed to weight of 6- and 
7-year-old trees. Twelve of 14 groups of 3 trees each had a 
correlation of better than 0.95 11*0^3» lowest value 
was 0.898 +.025. 
Few Investigators have attempted to correlate trunk 
circumference to yield of apple trees. Waring (1^) in I920 
reported a positive correlation between trunk circumference 
increase and yield of fruit on several varieties of apples. 
In general, the correlations were between 0,55 and G.?5, 
although in a few cases they droped to as low as 0.30. 
Variation was attributed to variety, tree age, geographical 
location, and nitrogen fertilization. In 1928 Sudds and 
Anthony (12) reported a correlation between trunk circum¬ 
ference and yield, and they found that it could be increased 
by using the square or the cube of the circumference in the 
calculations. These workers and Waring (14) were in agree¬ 
ment that correlations were less on trees receiving nitrogen 
than on ones receiving no nitrogen. Waring concluded that 
nitrogen increased fruit yield at a relatively greater rate 
than it increased trunk growth. 
Overholser et al. (?) in 1938 presented significant 
correlations indicating that in the Winesap variety trees 
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making the greatest trunk circumference increase in one year 
may be expected to produce the most fruit the following year. 
Collison and Harlan (2) in 1930 assumed that there is a 
direct correlation between tree size and yield. In three 
5-year periods, correlations of 0.60?, O.698, O.8I6 were ob¬ 
tained between mean trunk diameter and yield for 27-year-old 
Rome Beauty trees. However, comparison of the actual yields 
to the calculated yields clearly showed that tree size was 
not the only determining factor. Some of the variation vras 
attributed to environmental factors. 
The use of a power of the branch girth measurements was 
reviewed by Pearce (9jll). He stated that in general it is 
expected that the quantity of fruit would be directly relat¬ 
ed to weight of the branch. Unpublished work by Pearce (9) 
Indicates that this varies as branch girth is raised to the 
2.8 or 3*0 power. He suggests that the use of the fourth 
power might be better, but that further study is needed to 
ascertain if any one power will be valid. 
Branch circumference measurements are currently being 
used in chemical thinning experiments to express fruit set 
in terms of fruit set per centimeter of branch circumfer¬ 
ence (13). This is based on the assumption that there ex¬ 
ists a correlation between the limb circumference and the 
amount of growth and bearing potential of that limb. 
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Sanpling Techniques 
Several sampling techniques for estimating yield have 
been tested. Pearce and Holland (11) in 1957 reviewed 
Hoblynls (^) proposed method of measuring 1-year-old shoots 
on trees. This method makes use of the fact that at any 
fork, one branch is morphologically more distal than the 
other. A sampling procedure is then devised by simply 
counting the fruit on each branch, recording the most dis¬ 
tal first. The counting is siniplified by using a "click¬ 
er-counter” but the job can become quite laborious ii large 
trees are to be counted. In this study (11) no attempt Wc.s 
made to estimate yield using a sampling procedure. 
lessen (6) in 1955 devised a "randomized branch sam¬ 
pling" method for determining the number of fruits on a 
tree. The recommended sampling procedure was denoted by 
the symbol PPA, i.e., "probabilities proportional to area." 
This scheme provides that at any fork large branches will 
have a greater chance of selection than a small branch. The 
recorder starts at the base of the tree and measures the 
girths of the main branches; the probability of selection is 
proportional to basal area. The chosen branch is then fol¬ 
lowed to the next fork where the process is repeated unti.1 
the branch unit is reached on which the fruit is counted ana 
the estimate made. This method requires about 1/5 of the 
fruits on the tree to be counted; accuracy of the prediction 
varies greatly deperdlrg upon the Hubs counted, thereby 
preventing precise estimates of yield. 
Pearce and Holland (11) attempted to improve tr.s ac¬ 
curacy of lessen*s method by substitution of the cube power 
for branch girth. T’nis modification reduced the variance, 
but not to the degree required for experimental purposes. 
In 19^6 Pearce (8) devised a sampling procedure to ob¬ 
tain crop weight records. These records were obtained at 
harvest by sampling one or two boxes from the picked boxes 
from each tree. The total yield was then calculated by mul 
tiplying the number of boxes by the 7relght of fruit in the 
sampled boxes. 
In conclusion, although there appears mo be a fair cor 
relation bet^reen trunk circumference and yield, nevertheles 
there seems to be no adequate method of determining yield 
prior to harvest because the existing sampling methods can¬ 
not be practically employed, lessen's proposed method of 
random branch sampling is too variaole and laoorious, ana 
Pearce’s sampling procedure is applicable only after com.ple 
tion of the har^/est. It is necessary, therefore, to devise 
a ne77 sampling technique if an accurate estimate of yield i 
to be made orior to harvest. 
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drop, the fruit set on the blossom-count limbs was recorded 
on July 8 and the fruit sets per blossom-cluster and per 
centimeter of circumference were determined. 
Scaffold Sampling System 
A scaffold sampling system was developed based on a 
unit of length rather than on circuniference. The scaffold 
limbs used were chosen in June, with the selection being 
based on accessibility, using only those readily reached 
from the ground. Three or 4 scaffolds per tree were se¬ 
lected with the exception of one Cortland tree which had 
only one accessible scaffold limb. Hereafter, each scaffold 
limb selected for use in this sanipling system is denoted as 
a scaffold sampling unit. 
Each scaffold sampling unit was arbitrarily divided in¬ 
to 50 cm sections, measured along the branch itself, dia¬ 
grammed and labeled as illustrated in. Figure 4. The first 
section includes all branches distal to the first division 
1st. division pt. 
50 cm 
50 cm 
w 
50 cm 
1st. section 
2nd section 
3rd section 
bth section 
Pig. 4._ A scaffold sampling unit divided into 50 cm 
scaffold sampling sections. 
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point. Each succeeding section represented all the limb 
surface originating from within that particular 50 cm unit. 
The divisions proceeded along the selected scaffold limbs 
to the point of origin on the main trunk. 
The first division point of the McIntosh and Eichared 
Delicious varieties was selected at the first distal term¬ 
inal recorded fork on the selected scaffold. Due to the 
growth habit of the Cortland variety, the first division 
point was located at the point of 4 cm in circumference on 
the largest distal terminal recorded branch. 
Harvesting Procedure and Records 
The McIntosh apples were picked on September 6, several 
days prior to normal harvest, in. order to prevent loss from 
pre-harvest drop. The Cortlands were harvested on September 
9, and the Eichared Delicious on. October 5* 
The harvest procedure was designed to provide individual 
branch production, data. Harvesting commenced at the tip of 
a scaffold limb and proceeded inward to the first numbered 
label. The fruit and label from this portion, of the scaffold 
limb were then, placed in a separate kraft paper bag. This 
nrocedure was followed on every oranch for uhe entire tree. 
The bagged fruit samples were placed in. regular cold storage 
at 34°F. During October, the fruit in. each bag was weighed 
and counted and the data recorded on the appropriate branch 
diagram according to the identifying label. 
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After harvest, the diagramed branches were arbitrarily 
grouped into I3 size groups based on circumference incre¬ 
ments of 2 cm with the exception of groups 1 and I3. Group 
1 was composed of only branches measuring 4 cm in circum¬ 
ference and group I3 Included all branches 26.1 cm or 
larger. Thereby, the size classifications were: 4.0 cm, 
4.1-6.0 cm, 6.1-8.0 cm, etc. Fruit yield in pounds and 
fruit number for each branch size group were recorded. The 
same data from the branch diagram were utilized to record 
fruit yield and number for the scaffold sampling sections 
in the scaffold sampling system as discussed in the previous 
section. 
Statistical Methods 
The data that are presented in Table 1 were first sub¬ 
jected to simple correlation analyses. This correlation 
tests the strength of a linear association between, two vari¬ 
ables. All possible combinations of any 2 variables were 
tried (Table 2). The data in Table 1 then were subjected to 
a separate correlation analysis for: tree totals, variety 
totals, and each variety (Table 3)* These groupings were 
used to separate tree differences, variety differences and 
to determine if a.ny specific recombination of data would im¬ 
prove the correlation coefficient. A similar procedure was 
followed for the scaffolds and branch groups (Tables 3,5, 
and 6). 
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A multiple regression correlation was used to determine 
the feasibility of predicting yield of the 12 apple trees. 
The multiple regression correlation measures the closeness 
of the association, between the observed dependent variable 
and a combination of Independent values. The sample regres¬ 
sion equation supplies estim>ates of population values and 
was used for the prediction of yield. The equation was as 
follows: 
Y = a + bx^ + bX2 + bx^ + . . . bx^ 
where the dependent variable was Y; x-, ,X2,3:^ were the 
Independent variables; a was the constant; and the b’s were 
the "b" coefficients or slope. The dependent variable was 
yield, expressed in pounds, and the independent variables 
were selected from those factors giving significant corre¬ 
lation coefficients (Tables 2,3,^ and 6). Fruit weight and 
number, as determined by the scaffold sampling system, were 
also used as independent variables. 
The Data Control 36OO Computer was used to compute the 
simple and multiple regression correlations. 
RESULTS AND DISCUSSION 
Data for yield, trunk circumference, fruit number, 
fruit/cm of trunk circumference, blossom clusters/cm of 
branch circumference and fruit set/cm of branch circumfer¬ 
ence of the 12 trees harvested in I965 s.re presented in 
Table 1. The total yield was approximately 381? and 
the Individual tree yields, being quite variable, ranged 
from 147 lbs to 429 lbs of fruit. The Cortland variety 
produced the highest yield and had the largest average 
trunk circumference. 
The amount of bloom, as determined by blossom clus¬ 
ters/cm (Table 1), also was quite variable. All 4 McIntosh 
trees bloomed heavily while the bloom on. Cortland and De¬ 
licious varieties was variable--very light to moderate. On 
the other hand, fruit set/cm of branch circumference was 
higher for the Delicious than for the other 2 cultivars. 
The correlation coefficients for the variables present¬ 
ed in Table 1 are given in Table 2. Fruit weight was highly 
correlated to trunk circumference, fruit number, and fruit/ 
cm of trunk circumference. The correlation between fruit 
number and frult/cm of trunk circumference was also highly 
significant level). Blossom clusters/cm branch circum¬ 
ference and fruit set/cm branch circumference were signifi¬ 
cantly correlated at the level. 
The very high fruit weight to firuit number, and fruit 
number to fruit/cm of trunk circumference correlation coef- 
14 
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Table 1.- TrurJ^ circumference, fruit weight, fruit number, 
fruit/cm of trunk circumference, and blossom 
clusters and fruit set/cm of branch circumference^ 
for three apple varieties, I965. 
Variety Trunk 
circ. 
(cm) 
Fruit 
wt 
(lbs) 
Fruit 
Mo 
Fruit/cm 
trunk 
circ. 
Blossom 
clusters/cm 
branch 
circ. 
Fruit 
set/cm 
branch 
circ. 
McIntosh 50.4 429 1160 23.02 13.4 4.2 
48.0 213 664 13.82 .9 4.2 
40 .9 217 629 15.38 17.6 2.7 
4o. 6 298 855 21.06 13.6 4.8 
Cortland 57.6 4o4 98I 17.03 7.3 4.0 
51.3 347 929 18.11 7.1 4.3 
55.9 521 1300 23.26 10.3 3.9 
50.2 43? 1200 23.90 9.6 4.9 
Delicious 45.6 14? 399 8.75 3.4 5.7 
39.1 214 653 16.70 11.0 6.6 
54.6 4l4 1211 22.18 5.4 5.3 
44.2 176 573 12.96 9.8 5.6 
^Blossom cluster ' count and set count figures are the average 
of 3 limbs per tree. 
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Table 2.- Correlations between fruit weight, trunk circum¬ 
ference, fruit number, fruit/cm of trunk circum¬ 
ference, blossom clusters/cm of limb circumference, 
fruit set/cm of limb circumference for three va¬ 
rieties of apple trees, I965. 
Variables 
correlated 
A 
Analysis groups 
3 C D E 
Number of subjects correlated 
12 3 4 4 4 
1,2 .79 O'-"-' .936 .625 .355 .782 
1,3 .980*-!^ .999-x-j^ .997‘“'^ .940 .p94'-'^'' 
1,^ .894'^-^ .938 .924 .736 .929 
1,5 -.127 
A Ji ^ 
- . llo -.812 .906 -.171 
1,6 -.215 -.594 .419 -.254 -.442 
2,3 .733 .925 . 667 .019 .746 
2,4 .481 .755 -.356 -. 364 .510 
2,5 -.476 -.458 -.584 -.071 -. 644 
2,6 -.010 -.273 -.519 -.862 -. 869 
3,^ .9/1,3** .948 .918 .923 .953-“- 
3,5 -.082 -.085 —. 844 .996 -.077 
3,5 -.156 -.618 .480 .067 -.403 
^,5 .124 .237 -.869 .953 .193 
4,6 -.189 -.837 .511 .419 -.125 
5,6 -. 663*''' -.730 - .860 . l4l .630 
^Variables: 1-fruit weight; 2-trunk clrc.; 3-frutt number; 
4-fruit/cm trunk circ.; 5~'^l‘^ssom clusters/cm branch circ.; 
6-fruit set/cm branch circ. 
h-roups: A-all trees; B-varlety totals; C-Kclntosh variety; 
C-Cortland variety; E-Deliclous variety. 
■'''Significant at level 
■""•‘'Significant at level 
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flcients are to be expected due to the direct proportional 
relationship between these variables. 
The significant correlation of .790 for fruit weight 
and trunk circumference is of interest as it is in general 
agreement with results of previous workers. Waring (14) 
obtained correlation values ranging from .55-.75 for these 
factors. Collison and Harlan (2), using trunk diameter, 
reported .607-.8l6; and Sudds and Anthony (12), using the 
square of the circumference, reported .22-.79 i'or Stayman 
and York cultivars. 
Separate analysis of each variety for the fruit weight 
and trunk circum.ference relationship, although not signif¬ 
icant, showed a range of correlation coefficients of .355- 
.782. The loss of significance probably was due to low 
tree numbers in the sample. It is, however, interesting to 
note that a highly significant correlation, of .790 'ws.s ob¬ 
tained from a sample of only 12 trees thus indicating a 
fairly reliable correlation between these two factors. If 
a sampling system is feasible, trunk circumference as one 
independent variable in the regression, equation might be of 
value based on the high correlation between yield and cir¬ 
cumference . 
Tree number w^as an obvious limitation of the data. 
This was unavoidable due to the experimental procedure fol¬ 
lowed. With the exception of the basic individual observa¬ 
tions, the limited degrees of freedom for error required 
18 
high F values for significance. This was clearly shown in 
the analysis for variety total which has only 1 degree of 
freedom for error. 
A relatively high, though not significant, correlation 
of .733 "ws-s obtained between, fruit number and trunk circum¬ 
ference. One possible explanation for the lack of signifi¬ 
cance is variance Induced by fruit size. This source of 
variation may be sufficient to lower the correlation coef¬ 
ficient below significant levels. Since fruit size data 
were not included in this study, this hypothesis cannot be 
evaluated here. 
Scaffold Limbs 
Fruit vjeight, fruit number, and circumference for each 
scaffold, obtained from the branch diagrams, was subjected 
to simple correlation analysis (Table 3)* 
Highly significant correlations were obtained between all 
three variables when no grouping of the data was made. 
However, when the scaffolds per tree were added to ootaln a 
single total per tree, the correlation dropped to .576 which 
was significant at the level. Therefore, it appears that 
Por these trees trunk circumference provided a more reliable 
relationship) to tree yield than did scaffold circumference. 
This finding differs with the results reported by Pearce 
(10) and Holland (5)- 
In the variety grouping shown in Table 3? both the Cort- 
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Table 3-- Correlations between scaffold fruit weight, scaf¬ 
fold circuraference and scaffold fruit number for 
three varieties of apple trees, 1965. 
Analysis groups Number of Correl atlon coeff icients 
subjects 
for variables 1, 2,3^ 
1,2 1,3 2,3 
Individual observations 80 .769** .993-'^ .772-X--X- 
Tree totals 12 • 576* .981 ■''">«• .562 
Variety totals 3 .783 .999*“* .801 
McIntosh 4 .104 .997-x-x- .161 
Cortland k .760 .940 .499 
Delicious 4 .795 .994*'-^^ .75c 
&' 
Variable's: 1-fruit weight . per scaff •old; 2- scaffold ci rcum- 
ference; number per scaffold. 
■'^Significant at S% level 
■^■'^Significant at level 
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land and Delicious varieties had a high correlation between 
fruit weight and scaffold circumference although they were 
not significant. Again, limited number of trees probably 
accounts for the loss of significance. The correlation be¬ 
tween. yield and scaffold circumference for McIntosh was on¬ 
ly .104, Indicating a very low relationship which is, in. 
part, responsible for the lowering of the correlation in. the 
tree total analysis group. 
Other significant correlations were found between fruit 
weight and number and fruit number and scaffold circumfer¬ 
ence. These results are similar to those obtained in Table 
2 for trunlv circumference, except that a highly significant 
correlation, was obtained between fruit number and scaffold 
circumference as compared to no significance between fruit 
number and trunk circumference. Significance was lost, 
however, between, the fruit number and scaffold circumfer¬ 
ence in the tree total analysis group. 
Branch Groups 
The fruit yield in weight per branch was determined 
from the branch diagrams and the data arranged into 13 
groups as discussed in the section of Harvest Procedure and 
Records. 
The total fruit production by branch group for each 
variety was determined. These data were then converted to 
percentage of the total yield for the variety and presented 
21 
on Table 4. 
For all 3 varieties, over of the total fruit freight 
harvested was from spurs associated with branches 4.1-12.0 
cm in circumference. Percent of fruit harvested from 
branches in this circumference range was more uniform for 
McIntosh than Cortland and Delicious. Branches of Cortland 
and Delicious varieties are more "willoi^" than McIntosh, as 
reflected by the greater production on the smaller-sized 
wood (groups 2,3)• Cortland in groups 2 and 3 produced 31 
and respectively, of the total fruit harvested and in 
Delicious groups 2 and 3 produced 23 and 29^ of the total 
fruit, respectively. In comparison, McIntosh branches in 
group 2 produced l6% and in group 3 produced 25^ of the total 
fruit harvested. 
Figure 5 shows the cumulative yield with increasing 
branch circumference, starting with branches of 4.0 cm in 
circumference, in relation to total fruit production. This 
graph clearly depicts that wood larger than l6.0 cm produced 
a negligible percentage of the fruit harvested on the trees. 
This information warrants serious consideration when devel- 
ooing pruning techniques to facilitate the harvest oi apple 
trees. Encouragement of the most productive-sized bearing 
wood on many size-controlled trees per acre may allow more 
efficient harvesting procedures to be developed and util¬ 
ized . 
The branch group data (Table 4) also were analyzed to 
22 
Table 4.- Percent of total •v^^eight of fruit harvested on spurs 
associated with branches of various circumference 
groupings for three apple varieties, 19^5• 
Branch groups Percent of total wei ght of fruit harvest 
Number Giro.(cm) McIntosh Cortland Delicious 
All 
trees 
1 4.0 0 .4 0.2 0.3 0.3 
2 h.\- 6.0 15.8 31.2 23.2 24.5 
3 6.1- 8.0 24.8 33.7 29.3 29.9 
4 8.1-10.0 25.1 20.9 25.9 23.4 
r' 10.1-12.0 20.6 6.5 11.0 11.9 
6 12.1-14.0 8.3 5.5 5.2 6.3 
7 14.1-16.0 2.1 0.9 3.6 
1.8 
8 16.1-18 .0 0 .8 0.3 0.6 0.5 
9 18.1-20.0 1.0 0.1 0.1 0.5 
10 20.1-22.0 0.2 0.1 0.3 
0.2 
11 22.1-24.0 0.0 0.1 0.2 0.3 
12 24.1-26.0 0.7 0.4 0.1 0.3 
13 26.1 + 0.2 0.1 
0.0 0.1 
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Fig. 5.- Cumulative percent of total fruit weight harvested 
with increasing branch circumference. 
determine simple correlation coefficients (Tables 5?^)* —s 
with previous data (Tables 5»6), highly significant correla¬ 
tions were obtained between fruit weight and number. Fruit 
w’’eight by branch group and mean circumference were negatively 
correlated as were fruit number by branch group and mean cir¬ 
cumference of the branch group. Only the latter correlation 
was significant at the level. A negative correlation is 
to be expected since, W'ith the exception of branch groups 
1,3 for McIntosh and Delicious and branch groups 1,2 for 
Cortland, yield decreased or was similar as circumference 
increased. 
VJhen the fruit weight and number for each branch group 
were expressed as percent of the total harvested fruit weignt 
or fruit number of the variety, highly signiileant correla¬ 
tion coefficients were obtained (Table 6). No benefit was 
obtained by combining the data into total groups by variety. 
Scaffold Sampling System 
Fruit number and weight of fruit harvested from each 
scaffold sampling unit^ on each tree were determined from the 
data recorded on the branch diagrams (Appendix-Tables A,B). 
The total weight of fruit harvested from all the sample 
units was 30.3^ of the total yield of all 12 trees (Tabre 7). 
"Three or 4 scaffolds, each denoted as a scaffold sampling 
unit, were selected from each tree with , 
one Cortland tree which had only one accessible scafxola 
1 imb. 
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Table 5'- Correlations between fruit weight, fruit number, 
and mean circumference of each branch group-. 
Analysis groups Number of 
subj ects 
Correlation coefficients 
for variables 1,2,3° 
/ 
1,2 1,3 2,3 
I'ndividual observations 156 -. 566 .996** -.577 
Branch group totals 13 .000 .983’""»- .000 
Branches grouped into 1 3 divisions based on. circumference. 
variables: 1-fruit weight by branch group; 2-mean circ. of 
the branch group; number by branch group. 
■^'Significant at S% level 
'"‘"^Significant at 1% level 
Table 6.- Correlations between. f2ruit weight, fruit number 
and mean, circumference of each branch group when 
fruit weight and fruit number are expressed as 
percent of total weight or number of fruit har¬ 
vested from the trees. 
Analysis groups Number of 
subjects 
Correlation, coefficients 
for variables 1,2,3° 
1,2 1,3 
Individual groups 
by varie'cy 39 -.657** .987** 
Total groups by variety .000 .972 .000 
^Actual weight and number converted to percent of the variety 
total or percent of the total of all the trees. 
^Variables: 1-percent fruit weight by branch group; 2-mea'n 
circ. of the branch group; '^-'geTO.ent fruit numoer oy oranch 
group. 
■""'Signlfleant at S% level 
"'^•^Significant at 1% level 
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Table 7*- Percent of the total weight of fruit harvested from 
each variety produced on the scaffold sampling 
units, 1965* 
Variety Percent of total fruit harvested from: 
Scaffold sample units Total 
1 2 3 ' 4 
McIntosh 7.7^ 6.7 7.9 4.6 26.9 
Cortland 12.6 5.3 4.5 3.9 .26.3 
Delicious 14.2 • CO
 
15.2 2.6 37-8 
Average 11.5 5.8 C
O
 
• ro
 
4.8 30.3 
^Sach figure Is the average 
of Cortland units 2,3? s.nd 
trees. 
for 4 trees with the exception 
4, which were the average of 3 
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Units 1,3>2 and 4 accounted for 8.2^, 5-8/o and 4.8^ 
of the total weight of fruit harvested, respectively. Since 
the scaffold sampling units were arbitrarily numbered, no 
significance can be given to these percentages. 
The initial sampling system was designed to include 4 
scaffold sampling units per tree. The method of selection 
was described in the section, entitled MATERIALS AND METHODS. 
In practice, however, this was not possible and to maintain 
a constant number of sample units per tree, the 4th unit 
when present was deleted in the regression, analysis. 
Weight of fruit and n.-'ornber of fruit harvested from each 
2 
scaffold section ' on the scaffold units of each tree also 
were determined and presented in. Appendix Tables C and D. 
Table 8 shows the percent of the total weight of fruit har¬ 
vested from each variety attributable to each scaffold sam¬ 
pling section. Approximately of the fruit harvested from 
the 12 trees were produced on. the scaffold sections and the 
majority of these fruits were located in the first 4 periph¬ 
eral sections of the scaffold sample unit (Tabj.e 8) . The 
small discrepancy between the ootal percentages presented in 
Tables ? and 8 were due to rounding off the figures. 
The fruit of the McIntosh and Delicious varieties were 
produced somewhat uniformly on wood originating from along 
"Selected scaffold units on each tree were divided into 50 cm 
sections along each limb starting with numcer ^ at uhe pe¬ 
riphery of the limb. 
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Table 8.- Percent of the total weight of fruit harvested 
from scaffold sampling sections^ for three apple, 
varieties, 1965* 
Variety Percent of total fruit harvested from: 
Scaffold sample section. Total 
1 2 3 4 5 6 7 
McIntosh 3.0 2.7 4.8 6.1 4.9 3.1 1.6 26.2 
Cortland 9.8 5.8 5.2 2.2 .4 2.6 — 26.0 
Delicious 6.2 7.0 5.6 8.9 6.0 4.3 — 
O
 • 
C
O
 
Average 6.8 5.2 5.2 5.0 3.2 3.2 0.5 29.1 
^Scaffold units on. each tree were divided into 50 sec¬ 
tions along each limb, jr'ruit weignt was recorded on all 
branches originating from each section. 
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the er.tire length of the scaffold sampling units. The ma¬ 
jority of the fruit of the Cortland variety >jas produced on 
7:ood designated hy the first 3 scaffold sample sections. 
These sections represented the outer periphery of the scaf¬ 
fold limbs." 
The data in Table k- show that more fruit was produced 
on smaller-sized wood of Cortland and Delicious than on 
McIntosh. These data may indicate varietal bearing charac¬ 
teristics of the wood of the three cultivars. However, 
similar conclusions as to bearing habits cannot be dra'5*m. 
from Table 8, as the fruit production per section may be in¬ 
fluenced by pruning, variety, crop size, and fruit distribu¬ 
tion on the tree. 
The variability of yield in the sampling sections is 
shown, graphically, Figure 6. Since no distinct production 
pattern per sampling section emerged, the scaffold sampling 
sections were combined to reduce the variability and to in¬ 
crease the sample size when the data W’ere subjected to mul¬ 
tiple regression, anal^/sis. Only the first 4 sampling sec¬ 
tions were used in this analysis since the majority of fruit 
harvested were from these sampling sections, and only 6 out 
of 39 scaffold sampling units did not contain at least 4 
sampling sections. In addition, if the section system proves 
to be of value in predicting yield, sampling more than 4 
sections is considered too laborious. 
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SCAFFOLD SAMPLE SECTIONS 
Fig. 6.- Total fruit wei^t harvested from each scaffold 
sample section for the 1st scaffold sampling 
unit for 5 trees, 1965. 
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Multiple Regression Analysis 
The K. V[. Smillie Stepwise Regression program vras used, 
for the final analysis of the data. The independent vari¬ 
ables were: 
Trunk circumference 
Scaffold circumference 
Fruit weight 
Fruit number 
Two sets of analyses were performed; in both cases 
trunk circumference was one of the independent variables. 
In the first analysis, the other independent variables were 
scaffold circumference and fruit weight and number harvested 
X from sampling units 1,2 and 3 each tree . The results o 
the first multiple regression analysis are shoT«rn in Table 9. 
The only independent variable to attain significance (1^ 
level) for all 3 scaffold units was trunk circumference which 
2 4 
contributed from to S7 the rocal R value . How- 
scaffold circumference for scaffold unit 3 slgnii leant at 
_9 - 
the 5% level. Scaffold unit 1 had the highest total H" of 
63.6^, while scaffold units 2 and 3 had R values of 6l.3^ 
and 57.9foi respectively. 
^Three scaffold units on each tree had been aroitrarily num¬ 
bered from 1 to 3* 
^R^ equals the multiple correlation coefficient. 
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Table 9.- Results of the stepwise regression 
the scaffold sampling units for 12 
analyses for 
trees, 1965- 
Scaffold Variable Contribution 
unit order^ to R2 \%) 
1 l-)f-X- 55-5 
4 6.5 
2 1.0 
3 . 6 
p- = 63.6 
2^ -1 \/ \* ^ /V 57.0 
2 3.0 
3 1.3 
4 .01 
p 
R'^ = 61.31 
3"" j /V 54.6 
2-- 1.2 
3 1.8 
4 .3 
= 57.9 
Variables : 1 — trunk circumference ; 2--scaffold circumfer- 
ence; 3-- fruit number per scaffold sampling unit; 4—fruit 
T\'eight per scaffold sampling unit. Variables listed in 
order of contribution --highest to lo'^^est. 
^Multiple correlation coefficient 
C A 1 Analysis based on 11 trees as one Cortland tree did not 
have units 2 or 3• 
■'^Significant at 
’^■^'Significant at 
the 5% level (‘'t" 
the 1% level ("t" 
test) 
test) 
33 
The predictions of yield for the individual trees are 
presented in Table 10. The a term (constant) plus the "b” 
coefficient for the appropriate independent variable ix^ere 
calculated in the first multiple regression analysis and the 
yellds were predicted for each tree by applying these values 
and the observed values of the independent variables into 
the following formula: 
Yield = a b^(z^) + 03(2:^) + 
The significance of accounting for from 58 to 63>t of 
the total variability is shown, by the comparison of the 
predicted yields to the actual yields (Table 10). The aver¬ 
age error of prediction per tree for scaffold unit 1 is 57 
lbs, for scaffold unit 2 is 65 lbs, and for scaffold unit 3 
is 80 lbs. This mean degree of error is beyond acceptable 
limits for practical application of this sampling scheme for 
individual trees; and, in some cases, the mean error equaled 
half of the total yield of the tree. 
In the second multiple regression analysis the independ¬ 
ent variables were trunk circumference, scaffold circumfer¬ 
ence, and fruit weight and number harvested from the scaffold 
sample sections. Scaffold sections 1,2,3 and 4 were combined 
into 3 groups, thereby increasing the sample size from each 
tree. The combinations of sections were: 
Sections 1,2,3,4 
Table 10.- Results of the stepi-rise regression analyses for 
the scaffold sampling units shovjing comparison 
of actual fruit yield (lbs) to calculated fruit 
yield (lbs). 
Tree Actual 
yield 
(lbs) 
Calculated 
scaffold 
1 
yield 
samolin 
2 
(lbs) for 
g units: 
3 
1 429 379 342 347 
2 213 311 292 311 
217 223 211 198 
“T 298 207 223 235 
5 404 448 482 493 
6 3^7 357 - — 
7 521 488 455 478 
8 437 373 368 385 
9 14? 314 269 259 
10 214 191 172 353 
11 4l4 4o4 4oi 239 
12 176 259 259 172 
Total 3817 3954 3474^ 3470^ 
^Total represents sum of only 11 trees. Actual yield for 
these 11 trees is 3370 lbs. 
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Sectioris 1,2,3 
Sectlorjs 1,2 
The results of the analysis of the combined scaffold sample 
section groups are presented in Table 11. 
2 
The total H for combined scaffold sections 1,2,3 
4 v:as 66.0^, for combined scaffold sections 1,2 and 3 f'jas 
63.8^, and for combined scaffold sections 1 and 2 was 63.1^. 
This sampling technique, therefore, accounted for a higher 
percentage of the total variance than did the sampling unit 
system. 
The a( constant) and "b’* coefficient calculated in the 
second multiple regression analyses and the combined sample 
section data were used to compute the individual tree yields 
following the same mathematical procedure as outlined for 
the scaffold sample units. These predictions are presented 
2 
in Table 12. The higher R values failed to increase suffi¬ 
ciently the accuracy of the individual tree yield predictions 
as the mean errors of prediction, were: for combined sections 
1,2,3 and 4, 5? lbs, sections 1,2 and 3, 64 lbs, and sections 
1 and 2, 68 lbs. It is obvious, therefore, that neither the 
scaffold unit system nor the scaffold section system provides 
an acceptable technique for the prediction of yield on indi¬ 
vidual apple trees. 
Nevertheless, notice can be taken concerning the sums 
of the predictions for the individual trees, as these values 
36 
Table 11.- Results of the suepwise regression analysis 
the combined scaffold sampling sections for 
trees, I965. 
for 
19 
Combined 
scaffold 
sections 
Variable 
order^ 
Contribution 
to R2 [fo) 
1,2,3, and 4 1 
4 
2 
3 
1,2 and 3 1--"-- 
4 
2 
3 
1 and 2 1 
2 
4 
3 
58.3 
1.9 
5.7 
R^ == 66.0 
58.3 
1.6 
3.8 
= 63.8 
58.3 
1 _L A > 
p/ = 63.1 
Variables: 1--trunk clrcumferenc 
ence: 3--i^'ait number of combined 
of combined sections. Variables 
bution--highest to lowest. 
e; 2--scaffold clrcumfer- 
sectlons; 4-fruit v:elght 
listed in order of contrl- 
b 
Multiple correlation coefficient 
■'^■^'Significant at the 1^ level ("t" test) 
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vary from 53 to 14? lbs from the actual total yields (Tables 
10,12). However, these values are to be expected as the a 
(constant) and ”b" coefficients were calculated knowin'^ the 
actual yields. The individual calculated yields vrlll, 
therefore, vary equally about the knovrn. mean yield, l.e. six 
trees above the mean and six trees below the mean, thereby 
causing the sum of the Individual predicted yields to fall 
close to the actual total yield. 
This fact may have some significance in that, if further 
studies show that the a(constant) and the "b” coefficient 
for the given Independent variable remain constant for all 
apple trees and the sum total prediction, is within a de¬ 
fined confidence interval, this system may provide a prac¬ 
tical means for prediction of yield for a group of apple 
trees. 
e ^ r* “ 1 <:: i Ca_LC*Ji^a t/SG. vj.6_ci w ” "i- ^ ^ v» ...» W'O / -k W .— 
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S U M I'l A H Y 
A study conducted to test the reliability of sev¬ 
eral saicpllng techniques for the prediction of yield of 
apple trees. 
The weight of fruit from 12 trees, ^ trees each of 
McIntosh, Cortland, and Richared Delicious was highly cor¬ 
related (1^ level) to trunk circumference. A correlation, 
significant at the 5^ level, was found between the sum of 
the scaffold circumferences of the individual trees and 
fruit weight. Fruit number and fruit weight were highly 
correlated. 
The combination, of Independent variables--trun.k cir¬ 
cumference, scaffold circumference, fruit weight and fruit 
number harvested from selected scaffold limbs or sections 
of these limbs--accounted for approximately 60% of the total 
variability of yield as calculated by multiple regression 
<e^ 
analysis. Trunk circumference alon^ accounted for 55-5^% of 
the total variability. 
Neither sampling method--selected scaffold limbs or 
sections of these llmbs--provlded an. acceptable technique 
for the prediction of yield on. individual apple trees. If, 
however, further studies show that the calculated a (con¬ 
stant) and the "b” coefficient for the given independent 
variable remain constant for all apple trees and they pro¬ 
vide total yield predictions within a defined confidence 
' 39 
interval, the sampling technique of selected scaffol 
sections of these limbs may be of practical value 
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Table A.- Total weight of fruit harvested from each 
sampling unit on each tree, 1965- 
Variety Tree Vjeight of fruit 
scaffold 
(lbs) harvested from 
samnle units: 
i 2 /l 
McIntosh 1 30.06 10.75 iil.25 20.75 
2 22.13 12.19 31.87 — 
3 23.37 15.56 13.62 — 
4 13.75 38.69 i}.81 32.56 
Cortland 1 9.25 27.81 27.81 — 
2 61.62 — — — 
4 
15.9^ 29.9^ 23.37 — 
127.75 32.31 20 .94 66.56 
Delicious 1 9.69 1.31 24.62 12.06 
2 19.9c: 18.00 29.06 — 
3 72.9^ 10.06 74.13 
— 
4 40.19 25.81 16.50 15.25 
Table B.- Total number of fruit 
sampling unit on each 
each scaffold harvested from 
tree, I965. 
Variety Tree Number of fruit harvested from 
scaffold samole unit: 
, / 7 
^ ^ 4 
NcIntosh 1 78 29 107 53 
2 73 42 83 
0 j 69 45 44 
4 40 107 18 88 
Cortland 
2 
20 69 69 — 
“• — 
3 4o 72 71 
4 340 85 53 189 
Delicious 1 27 4 83 29 
2 35 62 99 — 
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Table C. - Total loumoer of fruit 'harvested froin each 
sampling section on the scaffold units of 
tree, I965. 
J. ^ 
ec, ^ V- 
Variety Tree Number of fr 
scaffold 
■uit harvested from 
samnle section: 
/ 
/ 
123 4567 
NcIntosh 1 29^ 29 46 50 36 43 34 
2 16 13 33 36 37 28 40 
3 20 12 72 8 32 1 
4 44 35 64 31 77 2 - 
Cortland 1 31 4 72 1 
2 00 3 26 16 2 
3 81 t 46 — — — 
4 231 149 152 22 0 113 - 
Delicious 1 37 18 26 13 22 7 
2 21 31 ^ r' Pt ' 104 5 — — 
3 24 75 68 64 95 135 — 
4 101 78 31 75 35 
Each figure equal 
scaffold sampling 
s fruit 
units 
number f 
per tree. 
or the sec tion from all 
^7 
Table D.- Total iveight of fruit harvested from each c* 
section on the scaffold units of each zree 
affold 
1965. 
Variety Tree Weight of fruit 
scaffold 
(lbs) harvested from 
samule section: 
4 123 ^567 
McIntosh A 1 11.00^ 11.25 17.75 19.19 13.87 17.62 13.13 
2 4.69 4.62 10.62 12.62 12.06 6.94 4.62 
3 5.75 3.31 4.44 25.25 3.00 10.56 .37 
h 13.44 11.81 22.81 13.06 28.00 .69 
Cortland 1 33.44 1.81 29.06 .56 __ ___ 
2 l?.8i 25.19 1.25 9.81 6.69 .87 — 
3 33.69 20.37 2.31 17.87 — -- _ — — 
4 83.50 52.37 55-^^ 8 .94 — 44.31 — 
Delicious 1 15.31 6.13 10.06 • 5.19 8.37 2.62 ■IM 
2 5.31 8.81 11.56 32.06 1.56 — — 
3 8.75 27.37 23.75 23.13 35.62 OQ — 
4 29.31 24.62 8.25 23.94 11.62 
s. 
Each figure equals total fruit for the 
scaffold units per tree. 
section, from all 
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